This Supplementary Information includes the electronic band structures and spin and orbital resolved partial densities of states(PDOS) for the various possible ground states in the phase diagram (see Fig. 1 in the Report). They include the antiferromagnetic metal of P4mm symmetry, the half-metal, ferromagnetic insulator, and half-metal of Pbam symmetry, the almost degenerate ferromagnetic insulators of P21/c and C2/m symmetries, and the robust multiferroic state with ferromagnetic or antiferromagnetic orders of Pc symmetry. These results provide the information on the electronic, magnetic as well as structural properties of these states. The projected electron occupation numbers and magnetic moments on Co-d-orbitals shed further insight on the orbital ordering phenomena in these states, in particular, how the Jahn-Teller distortion induced orbital ordering affects their specific property. Furthermore, the convergence tests for the electronic structure, total energy, and magnetocrystalline anisotropy energy are given as functions of the Monkhorst-Pack kpoint samplings. The possible metastable structures are derived from the unstable phonon modes of the high symmetry P4/mmm structure and tree-like structure is illustrated. The robustness of the multiferroic state is also checked against different exchange-correlation functionals (GGA+U, LDA+U) and different values of Coulomb repulsion U ef f .
I. THE CONVERGENCE TEST FOR TOTAL ENERGY AND MAGNETOCRYSTALLINE ANISOTROPY ENERGY
We have carefully checked the convergence of electronic structure and the accuracy of total energy regarding to the kinetic energy cutoff and k-point sampling. The cutoff energy E cut is set at 600eV which is large enough to ensure the required accuracy. A 5×5×5 Monkhorst-Pack k-point sampling is used for a √ 2 × √ 2 × 1 (20 atoms) unit cell. To check whether a 5 × 5 × 5 Monkhorst-Pack k-point sampling is large enough or not, the total energy is calculated as a function of k-point for the Pc symmetry structures. As presented in Fig. 1 , E cut = 600eV and a 5 × 5 × 5 Monkhorst-Pack k-point sampling ensure an accuracy of 0.25meV for the total energy. The magnetocrystalline anisotropy energy at θ = 90 and ϕ = 0 is also calculated and shown in Fig. 2 , a similar accuracy is achieved within a 5 × 5 × 5 Monkhorst-Pack k-point sampling. 
II. HOW THE POSSIBLE METASTABLE STRUCTURES ARE DEDUCTED FROM UNSTABLE PHONON MODES?
To derived the possible trial structures considered in our report we adopt the same method as used by Bousquet et al.
1 . We start from the high symmetry P4/mmm phase of SCO/STO superlattices with 10 atoms in a primitive cell and relax the structure to reach the optimized lattice constant. The phonon dispersion is computed within a √ 2 × √ 2 × 1 unit cell with 20 atoms using the frozen phonon method. A 5 × 5 × 5 Monkhorst-Pack k-points sampling was checked to be sufficiently accurate. The enlarged unit cell allows for the intraplane antiphase antiferrodistortive tilting of oxygen octahedra around Co and Ti ions. In addition, both ferromagnetic (FM, a = b = 3.893Å) and antiferromagnetic (AFM, a = b = 3.938Å) orderings are considered for Co ions. The doubled unit cell implies that the Brillouin zone is made half, the zone folding mechanism is effective in the phonon dispersion curves. If we denote the high symmetry points of the Brillouin zones by Γ,
′ for primitive cell and doubled unit cell, the unstable phonon modes of the primitive cell can be uncovered by unfolding the unstable phonon modes calculated within the doubled unit cell. For example, Γ and M modes can be uncovered from Γ ′ modes, Z and R modes can be derived from Z ′ modes, X and Y modes can be obtained from M ′ modes, etc. Furthermore, the information on oxygen octahedron tilting is encoded in the eigenvectors of the phonon modes. From the unstable phonon modes listed in Table I , one finds that strong spin-phonon coupling exists in SCO/STO superlattices. There are two types of polar distortion modes either perpendicular to the plane (Γ If the atoms of unit cell are allowed to relax along a path dictated by the eigenvectors of unstable modes, we derive six possible trial structures P4mm (Γ
The Jahn-Teller (J-T) distortion of the CoO 6 octahedra transforms the P4/mbm structure into Pbam structure. The P4/mbm structure has the same intraplane Co-O bond lengths while the bond lengths of the Pbam structure are different (see Fig. 3a and Fig. 3b 
III. THE PHASE DIAGRAM OF SCO/STO SUPERLATTICES UNDER THE DIFFERENT EXCHANGE-CORRELATION FUNCTIONALS AND DIFFERENT U ef f
The robustness of the multiferroic state is checked against the different exchange-correlation functionals and different Coulomb repulsion U . The phase diagrams for GGA+U with U ef f = 2.9eV and LDA+U with U ef f = 3.9eV are shown in Fig. 5 and Fig. 6 , the overall shapes of the phase diagrams are very similar to that obtained with GGA+U with U ef f = 1.9eV, the strain values for various transition points shift somewhat, but the ordering of various ground states are never altered. Thus the overall pattern of the phase diagram is independent of the specific exchange-correlation functional or specific value of U . 
IV. JAHN-TELLER DISTORTED CRYSTAL STRUCTURE OF COO2 PLANE
The periodic elongation of CoO 6 octahedra along the x and y-axes seems to be a universal feature of SCO/STO superlattices. It is not only responsible for alternately doubly occupied d zx and d yz -orbitals, but also responsible for the different tilting angles along the x and y-axes. 
VI. THE ELECTRONIC BAND STRUCTURE AND DENSITIES OF STATES OF PBAM SYMMETRY
-
VII. THE ELECTRONIC BAND STRUCTURE AND DENSITIES OF STATES OF P21/C SYMMETRY
VIII. THE ELECTRONIC BAND STRUCTURE AND DENSITIES OF STATES OF C2/M SYMMETRY
IX. THE ELECTRONIC BAND STRUCTURE AND DENSITIES OF STATES OF PC SYMMETRY
